Inside-out membrane vesicles capable of catalysing aerobic oxidative phosphorylation with good respiratory control and high P/O ratios can be prepared from cells of Paracoccus denitrificans that have been grown anaerobically with nitrate as added electron acceptor. These vesicles also possess, in addition to an aerobic respiratory chain, a respiratory nitrate reductase enzyme, but the soluble periplasmic nitrite reductase (Meijer et al., 1979; Alefound& & Ferguson, 1980 ) is lost on conversion of cells into vesicles.
The chemiosmotic theory of oxidative phosphorylation requires that the catalysis of oxidative phosphorylation to the extent of the high [ATP]/[ADP] ratios that are observed with vesicles from P . denitrificans (Kell et al., 1978) (Ferguson & Sorgato, 1982) , but also on the number of protons that must pass through the proton-translocating ATP synthase in order to catalyse the synthesis of one molecule of ATP (the H'/ATP ratio) (Ferguson & Sorgato, 1982) . Estimates of the protonmotive force generated by electron flow from either NADH or succinate to oxygen have shown that, under the usual experimental conditions employed, a membrane potential is the sole or almost the sole component of the protonmotive force (Kell et al., 1978; McCarthy & Ferguson, 1983) . Under these conditions the protonmotive force appears to lie in the range 150-170mV and to be at least approximately compatible with the extent of ATP synthesis provided that H +/ATP = 3 or 4, although the required value of this ratio did vary somewhat when the prontonmotive force was attenuated by limited titration with an uncoupler (McCarthy JL Ferguson, 1983) .
Kell et al. (1978) found that when oxidative phosphorylation was measured in the presence of nitrate, the protonmotive force fell to undetectable values, but the extent of ATP synthesis was unaltered. In those experiments there was electron flow not only to oxygen but also to nitrate, as vesicles, unlike cells, catalyse these two reactions simultaneously (Alefounder et al., 1983) . Thus some nitrite was produced. Subsequent experiments have shown that the presence of nitrite at millimolar concentrations does not itself cause the drastic decrease in the protonmotive force, and that the protonmotive force is still drastically decreased by nitrate in the presence of 0.1 mM-azide, which selectively inhibits nitrate reductase activity without effect on the aerobic respiratory chain. This concentration of azide has a small inhibitory effect on the rate of ATP synthesis, but does not alter the final extent of ATP synthesis, the phosphorylation potential. In the work discussed so far the protonmotive force was estimated from the uptake of SCN -(for the membrane-potential component) and methylamine (for the pH-gradient component). With these procedures, the presence of nitrate at millimolar concentrations apparently either drastically decreases the magnitude of the protonmotive force generated by aerobic electron transport or interferes with the response of SCN -and methylamine to membrane potentials and pH gradients. As either of these explanations would have important implications for the study of oxidative phosphorylation, we have investigated the effect of nitrate on the responses of other probes for pH gradients and membrane potential in this system.
There is good evidence that nitrate is sufficiently permeant towards the membranes of submitochondrial particles that the pH gradient, detected by uptake of either methylamine or ethylamine (Berry & Hinkle, 1983) , is enhanced at the expense of the membrane potential. For the membranes of P . denitrificans vesicles, several lines of evidence indicate that nitrate is insufficiently permeant to increase the pH gradient. First, there is the previously observed (Kell et al., 1978) failure of methylamine to detect a greatly increased pH gradient in the presence of nitrate. Added to this, we have now found no evidence for an increased pH gradient in the presence of nitrate from measurements of uptake of ammonia or of quenching of the fluorescence of either 9-aminoacridine or 9-amino-6-chloro-2-methoxyacridine, all of which are at least qualitative indicators of pH gradients. Furthermore, the decay of K + diffusion potentials after addition of K N 0 3 to vesicles in the presence of valinomycin is much slower than when the K + salt of the permeant ion S C N -is used, and only a little faster than when KCI is used. These observations all contribute to the conclusion that nitrate is not sufficiently permeant to stimulate the pH gradient significantly at the expense of the membrane potential.
The next concern must be whether the indicator of membrane potential, S C N -, fails to respond fully in the presence of nitrate. An alternative permeant ion indicator of membrane potential is Cl0,- (Berry & Hinkle, 1983) . A rapid uptake of this ion into P . denitrificans vesicles can be followed with an ion-selective electrode, and the selectivity of the electrode is such that changes of C10,-concentration in the micromolar range can be followed in the presence of millimolar concentrations of nitrate (D. Parsonage & S. J. Ferguson, unpublished work) . Use of this method has shown that IOmM-nitrate in the presence of 0.1 mM-azide decreases the uptake of C10,-to an extent that corresponds to a decrease in membrane potential of approx. 60mV. The rate of C10,-uptake was not affected by the presence of nitrate, which indicates that the latter ion does not itself interfere with the kinetics of (30,-uptake. Thus Clod--uptake measurements also indicate a lowered membrane potential in the presence of nitrate. In view of the unchanged pH gradient under these conditions, it is difficult to avoid the conclusion that the relationship between the protonmotive force and extent of ATP synthesis (phosphorylation potential) is altered by the presence of nitrate.
